The open end of the chamber is enclosed by a three-electrode extraction system. The first or plasma electrode is main.tained either at the anode potential or at the floating potential. A steady-state helium plasma was produced by primary electrons emitted from a set of tungsten filaments, and the entire chamber wall served as the anode for the discharge.
Plasma density and potenital distributions were obtained with a moveable The filter provides a limited region of transverse magnetic field, which is made strong enough to prevent the energetic electrons in the "source" chamber from crossing over into the "extraction" chamber, but is weak enough for some plasma to diffuse into the extraction region. can roll down and reach the extractor. Since the ions are generated at positions with different plasma potential, they will have a spread on the axial energy when they arrive at the extraction aperture. In the presence of a filter. the potential distribution is very uniform in the discharge chamber region (Fig. 4 ) . Since the majority of the positive ions are generated in the source chamber region, they arrive at the plasma electrode with about the same energy. One therefore expects that the longitudinal energy spread of the ions should be reduced.
A two-grid electrostatic energy analyzer was used to measured the longitudinal energy spread of the ions at the exit aperture·. The experimental arrangement is shown in Fig. 5 . The energy analyzer is positioned at the exit aperture. The first screen is biased at a very negative potential (--90 V) to repell all the incoming electrons. A
voltage ramp is applied on the second screen to discriminate ions with various energies. The last electrode collects all the incoming ions. Figure 6 shows the results of the longitudinal energy spread measurement. The total energy variation (spread of the longitudinal energy) is found to be about 7.5 eV for the case without the filter and is reduced to approximately 4.5 eV when the filter is installed. The reduction in the longitudinal energy spread by employing the magnetic filter has also been observed in an external retarding energy analyzer after the beam is accelerated to -5 keV.5
The filter offers several advantages for the multicusp ion source operation. In addition to reducing the longitudinal energy spread of the positive ions, it can also enhance the atomic ion species in the extracted beam when diatomic gases such as H2 and N2 are used for the discharge. 4 When the filter and discharge conditions are optimized, an atomic hydrogen ion fraction higher than 90% has been achieved. For ion projection lithography applications, the axial position of the magnetic filter should be properly adjusted so that the B-field of the filter will not interfere with the ion extraction optics. Work is now in progress to measure the emittance, and therefore the transverse energy of the extracted ions when the multicusp source is operated with and without the filter. Results of these measurements will be reported in the near· future.
DISCUSSION
Apart from the filter arrangement, one can also reduce the longitudinal energy 
